Acetonitrile is easily displaced from [Fe 2 {µ-CN(Me)(R)}(µ-CO)(CO)(MeCN)(Cp) 2 ][SO 3 CF 3 ] (R= 2,6-Me 2 C 6 H 3 (Xyl), 1a; Me, 1b) upon stirring in THF at room temperature in the presence of [NBu 4 ][SCN]. The resulting complexes trans-[Fe 2 {µ-CN(Me)(R)}(µ-CO)(CO)(NCS)(Cp) 2 ] (R= Xyl, trans-2a; Me, trans-2b) are completely isomerised to cis-[Fe 2 {µ-CN(Me)(R)}(µ-CO)(CO)(NCS)(Cp) 2 ] (R= Xyl, cis-2a; Me, cis-2b) when heated at reflux temperature. Similarly, the complexes cis-
Introduction
Pseudohalides are quite versatile ligands, which can coordinate to the metals both terminally or in a bridging fashion [1, 2] . Moreover, when the two end-atoms are different, they can also display linkage isomerism. If the atoms belong to different periods (e.g NCS -, NCSe -), they usually coordinate through nitrogen to 'class a' and via sulfur or selenium to 'class b' metals [3] .
Conversely, in the case of isocyanates, NCO -, coordination usually occurs via nitrogen, being Ocoordination quite rare [3c, 4, 5] . The coordinated pseudohalides behave as 1,3-dipoles and, therefore, can be used in order to prepare new ligands via 1,3-dipolar cycloaddition reactions [6, 7] .
Herein, we report on the synthesis and reactivity of diiron and diruthenium aminocarbyne complexes containing terminal pseudohalides. This work is part of our ongoing interest in the study of the formation of new C-C and C-N bonds in bimetallic species [8] [9] [10] , with particular attention to the possibility of selectively addressing the reactions on terminal or bridging ligands and promoting their coupling.
Experimental
All reactions were carried out routinely under nitrogen using standard Schlenk techniques.
Solvents were distilled immediately before use under nitrogen from appropriate drying agents.
Infrared spectra were recorded on a Perkin-Elmer Spectrum 2000 FT-IR spectrophotometer and elemental analyses were performed on a ThermoQuest Flash 1112 Series EA Instrument. ESI MS spectra were recorded on a Waters Micromass ZQ 4000 with samples dissolved in CH 3 CN. All NMR measurements were performed on Varian Gemini 300 and Mercury Plus 400 instruments. The chemical shifts for 1 H and 13 C were referenced to internal TMS. The spectra were fully assigned via DEPT experiments and 1 H, 13 C correlation measured using gs-HSQC and gs-HMBC experiments [11] . NOE measurements were recorded using the DPFGSE-NOE sequence [12] . Me, 1d) [9b] which were prepared by published methods.
2.1 Synthesis of trans- [Fe 2 {µ-CN(Me)(R)}(µ-CO)(CO)(NCS)(Cp) 2 ] (R= Xyl, Me, .
[NBu 4 ][SCN] (129 mg, 0.430 mmol) was added to a CH 2 Cl 2 (6 ml) solution of [Fe 2 {µ-CN(Me)(R)}(µ-CO)(CO)(NCMe)(Cp) 2 ][CF 3 SO 3 ] (0.147 mmol), and the mixture was stirred at room temperature for 3 hours. The solvent was, then, removed under reduced pressure and the residue was chromatographed through alumina. A fraction containing trans- [Fe 2 {µ-CN(Me)(R)}(µ-CO)(CO)(NCS)(Cp) 2 ] was obtained using CH 2 Cl 2 as eluent.
trans-2a Yield 52.4 mg (71 %). Anal. Calcd. For C 23 H 22 Fe 2 N 2 O 2 S: C, 55.01; H, 4.42; N, 5.58. Found: C, 55.32; H, 4.12; N, 5.76 
Crystallography
Compounds trans-2b, 4b·CH 2 Cl 2 , 5a, 6b·0.5CH 2 Cl 2 and 8·CH 2 Cl 2 were crystallized from CH 2 Cl 2 / petroleum ether at -20 ºC. Crystal data were collected on a Bruker AXS SMART 2000 CCD diffractometer using Mo-Kα radiation. Intensity data were measured over full diffraction spheres using 0.3° wide ω scans, crystal-to-detector distance 5.2 cm. Cell dimensions and orientation matrixes were initially determined from least-squares refinements on reflections measured in 3 sets of 20 exposures collected in three different ω regions and eventually refined against all reflections. The software SMART [13] was used for collecting frames of data, indexing reflections and determinations of lattice parameters. The collected frames were then processed for integration by the software SAINT and empirical absorption corrections were applied with SADABS [14] . The structure was solved by direct methods and refined by full-matrix least-squares based on all data using F 2 [15] . Crystal data are listed in Table 1 . Non-H atoms were refined anisotropically, unless otherwise stated. H-atoms were placed in calculated positions, and treated isotropically using the 1.2 fold U iso value of the parent atom except methyl protons, which were assigned the 1.5 fold U iso value of the parent C-atoms. One Cp ligand in trans-3b and the CH 2 Cl 2 molecule in 4b·CH 2 Cl 2 are disordered. Disordered atomic positions were split and refined isotropically using similar distance and similar U restraints and one occupancy parameter per disordered group. (2) 293 (2) 293 (2) 293 (2) 100 (2) λ, Å (2) c, Å 16.8850 (7) 13.879 (3) The molecular structure of trans-2b has been, also, determined by X-ray crystallography ( Figure 1 and Table 2 ). The Cp ligands adopt a trans geometry relative to the mean plane determined by the Fe 2 (µ-C) 2 core. This is quite unusual, since most of the structures reported for diiron complexes containing a bridging aminocarbyne ligand show a cis geometry of the Cp ligands [8] [9] [10] . The C(13)-N(1) interaction [1.297(5) Å] exhibits a considerably double bond character, suggesting that the µ-aminocarbyne ligand can be alternatively described as a µ-iminium ligand. Interestingly, the mononuclear complex [Fe(Cp)(CO) 2 (NCS)] exists in both the N-and S-bonded isomeric forms [17] , where the N-bonded isomer is the thermodynamically more stable. The NMR data for trans-2a,b show the presence in solution of only one species, indicating the complete absence of linkage isomerism.
Figure 1
Molecular structure of trans-2b, with key atoms labelled (all H atoms have been omitted).
Displacement ellipsoids are at 30% probability level.
Table 2
Selected bond lengths (Å) and angles (°) for complex trans-2b.
toward higher frequencies of the terminal ν(CO), whereas the other IR bands remain nearly unchanged. Also the NMR data for trans-2 and cis-2 are very similar as expected since they differ only for the relative position of the Cp ligands. The different arrangement of the Cp has been further supported by NOE studies; thus, NOE is mutually generated between the two Cp ligans in cis-2 but not in trans-2. Complexes cis-2 can be directly obtained from 1 by heating at reflux the latter in the presence of NCS -.
Complex cis-2a reacts with CF 3 SO 3 The molecular structures of 4b and 5a are reported in Figures 2 and 3 and [M(Cp) 2 (NCO) 2 ] (M = Ti, Zr) [5] . Conversely, the azido ligand in 5a shows a bent coordination 
Figure 2
Molecular structure of 4b, with key atoms labelled (all H atoms have been omitted). Displacement ellipsoids are at 30% probability level. Table 3 Selected bond lengths (Å) and angles (°) for complex 4b.
Figure 3
Molecular structure of 5a, with key atoms labelled (all H atoms have been omitted). Displacement ellipsoids are at 30% probability level.
Table 4
Selected bond lengths (Å) and angles (°) for complex 5a.
2030 cm -1 . The NMR spectra of 4-5 show the presence in solution of a single species, except for 5a
where a second isomer is present (major : minor = 10). This is probably due to a different orientation of the Me and Xyl substituents on the µ-CN(Me)(Xyl) ligand (Scheme 4), as previously found in analogous diiron and diruthenium µ-aminocarbyne complexes [10c, 18] . The most important feature of the 13 cycloaddition of the alkyne or the alkene, as previously demonstrated for mononuclear azido complexes [7, 20] ; in the case of 8, the reaction is accompanied by loss of HCN. 
Figure 4
Molecular structure of 6b, with key atoms labelled (all H atoms have been omitted). Displacement ellipsoids are at 30% probability level. Only one of the two independent molecules is represented.
Table 5
Selected bond lengths (Å) and angles (°) for the two independent molecules of complex 6b.
Figure 5
Molecular structure of 8, with key atoms labelled (all H atoms, except H23, have been omitted).
Table 6
Selected bond lengths (Å) and angles (°) for complex 8.
Scheme 6
Me The IR spectra for 6-8 show two ν(CO) at frequencies similar to the starting azido complexes 5, indicating a similar electronic character of the two ligands. As a consequence of the symmetrical N (2) Their NMR spectra show the presence in solution of a single species; NOE experiments on 10b clearly indicate a strong interaction between one Cp ligand and the CH proton of the triazole ring, suggesting that methylation occurs selectively at N(3) and the triazole is N(1) coordinated. It is interesting to notice that in previous works [7] a similar regiochemistry for the methylation process was observed, but it was, then, followed by the release of the triazole molecule. Conversely, in our case the complexes 9-10 are stable in solution and do not lose the heterocycle ligand. In a similar way, the methylation of 8 results in the nearly quantitative formation of the complex [Fe 2 {µ-CN(Me)(Xyl)}(µ-CO)(CO){N 3 (Me)C 2 (H)(CN)}(Cp) 2 ][CF 3 SO 3 ], 11. The IR spectrum shows the usual ν(CO) for the terminal and bridging carbonyls at frequencies similar to those observed for 9-10, and ν(CN) at 2220 cm -1 ; hence, also in this case methylation has occurred on the triazolato ring.
The NMR spectra show the presence of two isomers in a 1.2:1 ratio and with very similar but distinct resonances. This can be explained assuming that the methylation of 8 is not regioselective, but it can occur on both N(1) and N(3) (Scheme 8). , 1d) . We had previously shown that nitrile substitution in 1 could be used also for the introduction of other N-donor ligands, such as amines and imines [18] . All these reactions are completely selective, and no product of addition of the N-nucleophile has been observed during our work, even though nucleophilic additions to coordinated nitriles have been widely documented in the literature [23] . Probably, the MeCN ligand in 1 is not sufficiently activated to react with Nnucleophiles, whereas it reacts easily with C-nucleophiles [9a, 9c, 10c] .
Scheme 8
The results reported in this paper suggest that nitrile substitution in 1 proceeds with inversion of the configuration of the metal-centre and, in fact, the products obtained at room temperature present a trans geometry of the Cp ligands, whereas the parent complexes 1 have a cis structure. Moreover, trans to cis isomerisation occurs at high temperature, indicating that the trans isomer is the kinetic product whereas the cis species is the thermodynamic one, as previously found 
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Diiron and diruthenium aminocarbyne complexes containing pseudohalide ligands (i.e. NCS -, NCO -, N 3 -) have been obtained by nitrile replacement; both cis and trans isomers can be formed depending on the reaction temperature and trans to cis isomerisation is observed at high temperature. The terminal azido ligand undergoes 1,3-dipolar cycloaddition reactions with alkynes and fumaronitrile, affording new dinuclear triazolato complexes.
